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ABSTRACT 


This  report  presents  theoretically  derived  series  of 
2-bladed  supercavitating  propellers  with  expanded  area 
ratios  of  0.3,  0.4,  and  0.5;  3-bladed  propellers  with 
expanded  area  ratios  of  0.4,  0.5,  and  0.6;  and  4-bladed 
propellers  with  expanded  area  ratios  of  0.5,  0.6,  and 
0.7.  These  propellers  have  a  specified  radial  distri¬ 
bution  of  the  section  chord  and  a  hub  radius  of  0.2  of 
the  propeller  radius.  The  series  data  are  plotted  in 
the  form  of  nondimensional  coefficients  so  that  the 
performance  of  the  propellers  can  be  easily  predicted 
and  a  complete  design  obtained  if  desired. 

INTRODUCTION 

Supercavitating  (SC)  propellers,  which  have  fully  developed 
cavitation  on  the  suction  side  (back)  of  their  blades,  are  of  interest 
to  naval  architects  since  conventional  propellers  experience  an  un¬ 
predictable  performance  breakdown,  because  of  cavitation,  when  operated 
at  verj^  high  speeds. 

This  report  presents  series  data  which  can  be  used  to  predict 

the  performance  of  SC  propellers.  Since  an  e:!q)erimental  sei-ies  1.5 

costly  and  time-consuming,  a  theoretical  series  is  of  great  value,  if 

only  in  a  qualitative  way.  The  series  presented  can  be  compared  5dth 

12  3 

experimental  results  ^  ’  of  propellers  designed  using  this  method.  It 
is  apparent  that  there  is  some  deviation  from  the  experimental  values, 
but  this  difference  is  not  unreasonable  compared  to  propellers  design 
from  experimentally  derived  subcavitating  series, 

A  3-bladed  supercavitating  propeller  series  with  an  e:5^anded 

4 

area  ratio  of  0.5  has  already  been  derived  at  the  Taylor  Model  Basin. 
Since  the  ultimate  aim  of  a  designer  is  to  obtain  the  best  propeller  for 
a  given  craft,  there  is  need  for  a  method  of  predicting  the  performance 
of  SC  propellers  due  to  variations  in  number  of  blades  and  expanded 
ratio.  The  choice  of  the  number  of  blades  and  expanded  area  ratio  is 
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important  in  designing  propellers  since  the  propeller  stress  is 
dependent  on  these  parameters .  because  the  propeller  stress  is  directly 
related  to  the  loading  of  SC  propellers,  which  have  sections  that  are 
usually  thin  and  highly  stressed,  the  choice  of  these  parameters  is 
invaluable . 

In  addition  to  stress  considerations,  the  choice  of  number 
of  blades  and  expanded  area  ratio  is  also  important  since  it  has  been 
determined  that  any  type  of  SC  section  operating  at  a  given  angle  of 
attack  has  an  optimum  point,  i.e.,  a  minimum  drag-lift  ratio,  which 
occurs  at  a  specific  lift  coefficient.^  This  means  that  the  blade  chord 
becomes  important  in  deriving  the  most  efficient  propeller. 

This  report  presents  a  series  of  2-,  3-,  and  4-bladed  SC 
propellers  having  various  e:!q3anded  area  ratios.  The  results  are 
plotted  in  a  series  of  diagrams  in  the  form  of  nondimensional  co¬ 
efficients  which  can  be  used  to  predict:  the  performance  and  character¬ 
istics  of  SC  propellers. 

METHOD  OF  APPROACH 

The  series  charts  presented  here  were  derived  by  first  designing 

a  number  of  2-,  3-,  and  4-bladed  SC  propellers  for  zero  cavitation 

number  operating  in  uniform  flow.  Each  propeller  had  a  hub  radius  of 

0.2  of  the  propeller  radius.  The  Reynolds  numbers  used  for  calculating 

6  T 

the  section  drag  varied  from  7.2  x  10  to  7.7  x  10  which  corresponds  to 
propellers  having  a  diameter  of  3  feet  and  operating  at  a  speed  of  ad¬ 
vance  of  60  knots.  It  should  be  noted  that  these  propellers  were  designed 
for  the  same  diameter,  speed  of  advance,  speed  coefficients,  and  non- 
viscous  thrust  coefficients  as  those  propellers  designed  to  derive  the 
series  presented  in  Reference  3,  i.e.,  the  speed  coefficients  covered  a 
range  from  0.3142  to  1.5708  and  the  nonviscous  thrust  coefficients 
covered  a  range  from  0.15  to  4.0. 

Like  the  series  derived  in  Reference  4,  the  nonviscous  thrust 
and  power  coefficients,  ideal  efficiency,  and  hydrodynamic  pitch 
distribution  for  each  of  the  series  of  2-,  3-,  and  4-bladed  SC  propellers 

g 

were  computed  using  Lerbs’  moderately  loaded  propeller  theory.  This 
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propeller  theory  hcs  been  programmed  for  the  high-speed  computers  at  the 

7 

Model  Basin. 

Once  the  above  calculations  were  obtained,  the  next  step  was  to 
determine  the  viscous  corrections  that  must  be  applied  to  these  nonviscous 
calculations,  using  the  method  given  in  Reference  1.  In  order  to  make 
these  calculations,  it  was  necessary  to  know  the  values  of  the  section 
drag-lift  ratio,  which  is  dependent  mainly  on  the  section  lift  coefficient 
and  angle  of  attack.  Table  1  gives  the  radial  distribution  of  the  section 
chord  for  each  series.  From  these  values,  the  viscous  thrust  and  power 
coefficients  and  propeller  efficiency  were  calxulated  for  each  propeller. 

The  next  step  was  to  calculate  the  propeller  pitch  distribution 
for  nonzero  as  well  as  zero  cavitation  numbers,  using  the  method  given 
in  Reference  1.  Since  the  amount  of  cavitation  changes  the  thrust  and 
rower  of  a  propeller,  this  effect  must  be  compensated  for  by  a  corresponding 
change  in  the  propeller  pitch.  This  was  obtained  by  calculating  the 
pitch  of  each  propeller  at  cavitation  numbers  ranging  from  0  to  0.205 
6.nd  comparing  the  results  with  the  pitch  calculated  for  zero  cavitation 
number. 

The  section  ordinates  of  the  "TMB  Modified  Tulin  Section," 
used  on  these  propellers,  were  calculated  next.  The  camber  line  of  this 
type  section  is  the  pressure  side  (face)  of  the  foil,  and  the  th. ckness 
is  applied  between  the  camber  line  and  the  free-stream  line.  The  camber 
and  thicloiess  ordinates  were  calculated  using  the  method  presented  in 
Reference  1.  The  blade  thickness  fraction  (BTF)  was  also  calculated  for 
each  propeller  in  order  to  compute  the  nominal  stress  at  the  blade  root  of 
these  propellers  bj  a  simplified  method  derived  from  Reference  8. 

PRESENTATION  OF  DIAGRAMS 

Most  of  the  diagrams  presented  here  are  designated  by  a  number 
and  letter.  The  number  indicates  the  propeller  parameter  and  the  letter 
indicates  the  ruraber  of  blades  and  the  expanded  area  ratio  (EAR)  of  the 
propeller.  The  letters  a,  b,  and  c  represent  2-bladed  propellers  having 
expanded  area  ratios  of  0.3,  0.4,  and  0.5,  respectively;  the  letters 
d,  e,  and  f  represent  3-bladed  propellers  having  expanded  area  rat:’-.,  of 
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0.4,  0.5,  and  0.6,  respectively;  and  the  letters  g,  h,  and  i  represent 
4-bladed  propellers  having  expanded  area  ratios  of  0.5,  0.6,  and  0.7, 
respectively.  It  should  be  noted  that  the  3-bladed  series  diagrams 
presented  in  Reference  4  are  also  presented  here. 

The  propeller  efficiency  contours  and  the  pitch  ratio 
calculated  at  0.7  radius  for  zero  cavitation  number  P/d^  are  presented 
in  Appendix  A,  Figures  la  through  li,  as  a  function  of  the  thrust  co¬ 
efficient  /C~ and  the  speed  coefficient  J  and  in  Appendix  B,  Figures  2a 
through  2i,  as  a  function  of  the  power  coefficient  /Cp  and.  J.  The 
solid  efficiency  contours  in  these  diagrams  indicate  the  region  where 
the  section-lift  coefficient  is  between  0.0548  and  0.2  and  the  section 
angle  of  attack  is  2  degrees.  The  dashed  portion  below  the  solid 
efficiency  contours  represents  the  region  where  the  section-lift  co¬ 
efficient  is  less  than  0.0548,  resulting  in  flat-face  sections  having 
angles  of  attack  less  than  2  degrees.  This  area  should  be  avoided  because 
face  cavitation  is  likely  to  occur  on  SC  sections  operating  at  these  small 
angles.  The  dashed  portion  above  the  solid  efficient  contours  re¬ 
presents  the  approximate  ftrea  where  the  section-lift  coefficient  is 
greater  than  0.2  and  the  angle  of  attack  greater  than  2  degrees.  In 
this  region,  the  cavities  become  thick  and  section  loading  high,  and  the. 
theoretical  results  may  be  in  question.  Also  inc]-uded  in  these  diagrams 
are  maximum  efficiency  curves  for  obtaining  the  optimum  rpm  or  diameter  D. 

The  thrust  coefficient  C^,  power  coefficient  Cp,  speed  co¬ 
efficient  J  and  propeller  efficiency  -ji  presented  in  Figures  la  through 
2i  were  calculated  using  the  following  equations: 


nD 
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and 


■n  =■ 


[4] 


where  T  is  the  propeller  thrust, 

P  is  the  shaft  horsepower, 

P  is  the  density  of  the  fluid, 

D  is  the  propeller  diameter, 

V„  is  the  speed  of  advance,  and 

ci 

n  is  the  revolutions  per  unit  time. 

The  propeller  blade  thickness  fractions  (BTF)  derived  for  these 
propellers  are  presented  next  in  Appendix  C,  Figures  3a  through  3i,  as  a 
function  of  and  J  so  the  propeller  stress  can  be  calculated.  An 
approximate  method  for  calculating  the  maximum  compressive  stress  at  the 
blade  root  derived  from  Reference  8  is 
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i.95ro^ 


[5] 


Z  (BTF)"* 

where  BTF  is  the  blade  thickness  fraction  given  in  Appendix  C. 

As  mentioned  above.  Appendices  A  and  B  give  the  pitch  ratio 

calculated  at  0.7  radius  for  zero  cavitation  number  P/D  •  Since  there  is  a 

0 

change  in  thrust  and  power  of  a  propeller  due  to  cavitation,  a  corre¬ 
sponding  change  in  this  pitch  must  be  made  to  offset  the  variation  in 
thrust  or  power.  This  change  in  P/D^  due  to  zero  cavitation  numbers 
(A(p/d)C^)  is  presented  in  Appendix  D,  Figures  4  through  4i.  The 
parameter  is  plotted  in  Figure  4  as  a  fimction  of  the  section 
cavitation  number  at  the  0,7  radius  (aQ  y)  only,  wheie 

.2 


0.7  ~_ 


2gH  J‘ 


V  ^  (J^+  4  .-84) 


[6  3 


and  \diere  H  is  the  atmospheric  pressure  plus  the  submergence  pressure  at 
0,7  section  minus  the  cavity  pressure,  and  g  is  the  acceleration  due  to 
gravity.  The  other  parameter  A  (P/D)  derived  for  these  propellers  is  also 
presented  in  i^pendix  D,  Figures  4a  through  4i,  as  a  function  of  and  J . 
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The  final  pitch  ratio  at  0.7  radius  for  propellers  operating 
at  various  cavitation  numbers  (p/d}  .  „  can  be  obtained  from  the  equation 

V/  4  I 

(P/!|)o_7  =  P/I>„  -  A(P/B)C^  P, 

where  is  the  pitch  correction  coefficient  from  Figure  4  of  Appendix  D 
and  A  P/d  is  the  pitch  correction  coefficient  from  Figures  4a  through  4i 
of  Appendix  D.  The  radial  distribution  of  (p/d)q  is  presented  in  Table 

2. 

The  section  ordinates  at  various  radii  for  the  propellers  are 
presented  in  Appendices  E  and  F.  The  maximum  face  ordinates  are  presented 
in  i^pendix  Figures  5a  through  8i,  and  the  maximum  thiclcness  ordinates 
are  presented  in  i^pendix  F,  Figures  9a  through  12i.  as  a  function  of 
v/^  and  J. 

A  replot  of  the  maximum  efficiency  curves  given  in  Appendix  A  is 
presented  in  Figures  13  through  20  to  show  the  relationship  of  number  of 
blades  and  expanded  area  ratio  to  v.ptimum  rpm  and  diameter.  The  incon¬ 
sistency  in  these  diagrams  is  undoubtedly  due  to  the  method  of  fairing 
used  as  the  curves  were  not  cross-faired  on  the  basis  of  number  of  blades 
nor  expanded  area  ratio.  They  do  indicate,  however,  the  trend  with 
varying  number  of  blades  and  expanded  area  ratio. 

USE  OF  DIAGRAMS 

For  a  design  based  on  thrust  T,  the  propeller  efficiency  and 
the  0.7  radius  pitch  for  zero  cavitation  number  P/d^  can  be  obtained  from 
Appendix  A,  Figures  la  through  li,  depending  on  the  number  of  blades  and 
expanded  area  ratio,  once  the  thrust  coefficient  /C^  axid  speed  coefficient 
J  are  obtained.  Similarily,  for  a  design  based  on  shaft  horsepower  P 

s 

values  of  and  P/d^  can  be  obtciined  from  Appendix  B,  Figures  2a  through 
2i,  once  the  power  coefficient  and  J  are  obtained.  Equations  [1], 

[2],  and  [3]  can  be  used  to  calculate  /cZ  and  J,  respectively. 

Figures  presented  in  Appendices  A  and  B  can  also  be  used  to 
obtain  the  optimum  rpm  or  diameter  D  for  a  given  thrust  or  power.  The 
optimum  rpm  for  a  given  diameter  is  obtained  by  plotting  or  on 
the  maximum  efficiency  line  for  a  given  C,p  or  Cp  ii  these  figures.  This 
point  represents  the  J  that  gives  the  optimum  rpm  for  a  given  diameter. 
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and  using  this  J  value,  the  optimum  rpm  can  be  calculated  using  Equation 

[3] .  The  optimum  diameter  D  for  a  given  rpm  is  obtained  by  assuming  a 

diameter  and  plotting  the  calculated  J  and  or  on  the  figures 

presented  in  Appendices  A  and  B.  The  J  obtained  at  the  intersection  of 

a  straight  line  drawn  from  the  origin  of  the  diagram  through  this  point 

2  2 

and  the  line  of  maximum  efficiency  for  a  given  C,p/J  or  Cp/j  represents 
the  J  that  gives  the  optimum  diameter  for  a  given  rpm.  Using  this  J,  the 
optimum  diameter  D  can  be  calculated  using  Equation  [3]. 

It  should  be  noted  at  this  point  that  if  the  design  being 
considered  is  based  on  shaft  horsepower,  the  corresponding  must  be 
calculated  since  the  remaining  design  diagrams  are  presented  as  a 
function  of  and  J.  This  value  of  C^j,  can  be  calculated  using  Equation 

[4]  once  and  Cp  are  obtained  from  Appendix  B  for  the  propeller  based 
on  power. 

The  approximate  maximum  compressive  stress  of  the  propeller 
can  be  calculated  using  Equation  [5]  where  the  blade  thickness  fraction 
(RTF)  is  obtained  from  i^pendix  C,  Figures  3a  through  3i.  The  final 
pitch  ratio  for  the  propeller  at  the  0.7  radius  for  any  cavitation  number 
(p/d)»  _  is  calculated  using  Equation  [7]  where  P/D  is  obtained  from 
i^pendix  A  or  B.  is  given  in  Appendix  D,  Figure  4,  as  a  fxmction  of 
^  which  is  calculated  using  Equation  [6];  and  ^(P/d)  is  given  in 
y^pendix  D,  Figures  4a  through  4i.  The  radial  pitch  distribution  for 
this  propeller  is  then  obtained  from  Table  2, 

The  section  shape  for  these  propellers  can  be  obtained  from 
Appendix  E  v^ich  gives  the  maximum  face  ordinates  {y/l)  and  Appendix  F 

niaX 

^^dlich  gives  the  maximum  thickness  ordijiates  at  various  radii» 

Once  these  ordinates  are  obtained,  faired  curves  jxre  then  drawn  to  obtain 

values  for  (y/Omax  (^/^^max  theory, 

(y/l)  is  zero  at  the  hub  and  tip.  Table  1  gives  the  section  chord 
'  “^max 

lengths  I  chosen  for  these  propellers.  Thus,  once  y  and  t.  are 

niuX  luoX 

obtained,  the  chordwise  distribution  of  the  ordinates  y  and  t  can  be 
obtained  using  the  distribution  given  in  Table  3.  The  method  of 
completing  the  design  of  a  SC  propeller,  using  this  series,  is  identical 
to  the  method  presented  in  the  i^pendix  of  Reference  3. 
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TABLE  2 

Coefficients  for  Obtaining  Radial  Distribution  of  Pitch 


X 

p/d 

{P/D)o.7 

0.2 

0.974 

0.3 

0.4 

0.5 

0.990 

0.6 

0.995 

0.7 

1.0 

0.8 

1.006 

0.9 

1.011 

0.95 

1.011 

1.0 

1.010 

TABLE  3 

Coefficients  for  Obtaining  Face  and  Thickness  Distribution  along  Chord 
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CONCLUSION 


Theoretical  results  have  been  presented  for  2-bladed  SC 
propellers  having  expanded  area  ratios  of  0.3,  0.4,  and  0.5;  for  3-bladed 
SC  propellers  having  expanded  area  ratios  of  0.4,  0.5,  .and  0.6,  and  for 
4-bladed  SC  propellers  having  expanded  area  ratios  of  0.5,  0.6,  and  0.7. 

This  theoretical  series  should  be  of  great  value,  if  only  in  a  qualitative 
way,  in  predicting  the  performance  of  SC  propellers  due  to  variations  in 
number  of  blades  and  expanded  area  ratio. 

Caution  must  be  exercised  in  using  these  results  in  any  but  a 
qualitative  way.  This  is  especially  true  for  designs  which  deviate  too 
much  from  the  optimum  efficiency  curves.  Experimental  results  indicate 
that,  as  would  be  expected,  there  is  more  of  a  variation  from  the  theoretical 
results  than  for  subcavitating  propellers.  The  theory  used  is  the  best 
available  for  such  propellers,  but  questions  arise  as  to  the  validity  of 
the  lifting  surface  corrections  used  as  well  as  the  lift  and  drag 
characteristics  available  for  SC  sections.  These  questionable  areas 
should  not  detract  from  the  usefulness  of  the  series  presented  since 
the  relative  characteristics  of  different  propellers  would  be  expected 
to  change  little. 
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APPENDIX  A 

Ct*J  diagrams  for  tmb  sc  propeller  series 
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Figure  la  —  C^-J  Diagram  for  TMB  2-Bladed  SC  Propeller  Series,  EAR  =  0.3 
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n  for  TMB  O-Bladed  SC  Pro  poller  Series,  EAR  =  0.4 


Figttre  Ic  —  C-J.-J  Diagram  for  TMB  2-Bladed  SC  Propeller  Series,  EAR  =  0.6 
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Figure  le  —  C^-J  Dia^ara  for  TMB  S-Bladed  SC  Propeller  Series,  EAR  =  0.5 
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Figure  If  —  C^-J  Diagram  for  TMB  3-BIaded  SC  Propeller  Series,  EAR  =  0.6 
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Figure  Ig  —  C^-J  Diagram  for  TMB  i-Bladed  SC  Propeller  Series,  EAR  ==  0. 
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Figure  Ih  —  C~-J  Diagram  for  TMB  4-3Iaded  SC  Propeller  Series,  EAR  =  0.6 


APPENDIX  B 

Cp.J  DIAGRAMS  FOR  TMB  SC  PROPELLER  SERIES 
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Figure  2a  -  Cp-J  Diagram  for  TMB  2-Blad0d  SC  Propeller  Series,  EAR  =  0.3 
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Figure  2b  -  Cp-J  Diagram  for  TMB  2*Bladed  SC  Propeller  Series,  EAR  >=0.4 
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Figure  2c  —  Cp-J  Diagram  for  TMB  2-Bladed  SC  Propeller  Series,  EAR  =  0.6 
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Figure  2f  -  Cp-J  Diagram  for  TMB  S-Bladed  SC  Propeller  Series,  EAR  =0.6 
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Figure  2g  -  Cp-J  Diagram  for  TMB  4-Bladed  SC  Propeller  Series,  EAR  =0.5 
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Figure  2h  -  Cp-J  Diagram  far  TMD  4-Bladed  SC  Propeller  Series,  EAR  =  0.6 
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Figure  2i  -  Cp-J  Diagram  for  TMB  4-Bladed  SC  Propeller  Series,  EAR  =  0.7 
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APPEMDIX  C 

BLADE  THICKNESS  FRACTIONS  FOR  TMB  SC  PROPELLER  SERIES 
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Figure  3a  -  Blade  Thickness  Fraction  for  TMB  2>Bladed  SC  Propeller  Series,  EAR  =  0.3 
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Figure  3b  —  Blade  Thickness  Fraction  for 
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Figure  3c  —  Blade  Thickness  Fraction  for  TMB  2-Bladed  SC  Propeller  Series,  EAR  =  0.5 
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Figure  3d  —  Blade  Thickness  Fraction  for  TMB  3-i^Bladed  SC  Prqjeller  Series,  -EAR  =  0.4 
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Figure  3e  —  Blade  Thickness  Fraction  for  TMB  3-Bladed  SC  Propeller  Series,  EAR  =  0.5 
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Figure  3f  —  Blade  Thickness  Fraction  fw  TMB  3-Bladed  SC  Propeller  Series,  EAR  =  6.6 


■■■■■■■■■■■■■I 

■■■■ 

..juaiL. 

IbbbbbbbI 


BBBBBBB 

BBBBBBB 


BBBBB^M, 


■BUB 


40 


l80 


0.07 


o 

ID 


41 


Figure  3h  —  Blade  Thickness  Fraction  fa:  TMB  l-Bladed  SC  Propeller  Series,  EAR  =  0,6 
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Figure  3i  —  Blade  Thickness  Fraction  for  TMB  4rBIaded  SC  Propeller  Series,  -EAR  «=  0.7 


APPENDIX  D 

PITCH  CORRECTION  COEFFICIENTS  FOR  TMB  SC  PROPELLER  SERIES 
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Figure  4  -  Pitch  Correction  Coefficient  (C^)  for  Finite  Cavitation  Numbers  for 

TMB  SC  Propeller  Series 
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Figure  4a  -  Pitch  Correction  Coefficient  A(P/'D)  for  Finite  Cavitation  Numbers  for  TMB 

2-Bladed  SC  Propeller  Series,  EAR  =0.3 
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Figure  4b  -  Pitch  Correction  Coefficient  A  (P/D)  for  Finite  Cavitation  Numbers  for  TMB 

2-Bladed  SC  Propeller  Series,  EAR  =  0.4 
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Figure  4c  -  Pitch  Correction  Coefficient  A  (P/D)  for  Finite  Cavitation  Numbers  for  TMB 

2-Bladed  SC  Propeller  Series,  EAR  =0.5 
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Figure  4d  -  Pitch  Correction  Coefficient  A(P/D)  for  Finite  Cavitation  Numbers  for  TMB 

3-Bladed  SC  Propeller  Series,  EAR  =  0.4 
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figure  4e  -  Pitch  Correction  Coefficient  A  (P/D)  for  Finite  Cavitation  Numbers  for  TMB 

3-Bladed  SC  Propeller  Series,  EAR  =  0.,5 


49 


016 


0  01  02  03  0.4  0.5  06  0.7  08  09  10  l.l  1.2  L3  1.4  1.5 


Figure  4f  -  Pitch  Correction  Coefficient  A(P,'T))  for  Finite  Cavitation  Numbers  for 

3-Bladed  SC  Propeller  Series,  EAR  =  0.6 
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Figure  4g  -  Pitch  Correction  Coefficient  A(P/'D)  foe  Finite  Cavitation  Numbers  for  TMB 

4-Bladed  SC  Propeller  Series,  EAR  =  0.6 
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Figure  4h  -  Pitch  Correction  Coefficient  A(P/D)  for  Finite  Cavitation  Numbers  for  TMB 

4:-Biaded  SC  Propeller  Series,  EAR  =  0.6 
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Figure  4i  -  Pitch  Correction  Coefficient  A  (P/D)  for  Finite  Cavitation  Numbers  for  TMB 

4-Bladed  SC  Propeller  Series,  EAR  =  0.7 
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APPENDIX  E 

MAXIMUM  FACE  ORDINATES  AT  0.3,  0.5,  0.7,  AND  0.9  RADIUS  FOR 
TMB  SC  PROPELLER  SERIES 
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Figure  5a  —  Maximum  Face  Ordinate  at  0  3  Radius  for  TMB  2-Bladed  SC  Propeller  Series,. EAR  =0.3 
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Figure  6b  —  Maximum  Face  Ordinate  at  0.3  Radius  fcr  TMB  2-Bladed  SC  Propeller  Series,  EAR  =  0.4 
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Figure  5d  —  Maximum  Face  Ordinate  3t  0.3  Radius  for  TMB  3-Bladed  SC  Propeller  Series,  EAR  =04 
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Figure  6e  -  Maximum  Face-Ordinate  at  0.3  Radius  for  TMB  3-Bladed  SC  Propeller  Series,  EAR  =  0.5 
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Figure  5h  —  Maximum  Face  Ordinate  at  0.3  Radius  for  TMB  4-31aded  SC  Propeller  Series,  EAR  =  0.6 
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Figure  6b  -  Maximum  Face  Ordinate  at  ,0.5  Radius  for  TMB  2-BIaded  SC  Propeller  Series,  EAR  =0.4 
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Figure  6f  -  Maximum  Face  Ordinate  at  0.5  Radius  for  TMB  3-Bladed  SC  Propeller  Series,  EAR  =  a6 


Figure  6g  -  Maximum  Face  Ordinate  at  0.5  Radius  for  TM3  4-3Iaded  SC  Tropeiler  .Series,  E.4R  =  0.5 
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Figure  6h  —  Maximum  Face  Ordinate  at  0.5  Radius  for  TMB  4-Bladed  SC  Propeller  Series,  EAR  =  0.6 
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Figure  6i  —  Maximum  Face  Ordinate  at  0.5  Radius  for  TMB  4-B  laded  SC  Propeller  Series,  EAR  =  0.7 
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Figure  7a  —  Maximum  Face  Ordinate  at  0.7  Radius  for  TMB  2-Bladed  SC  Propeller  Series,  EAR  =  0.3 
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Fieure  7b  —  Maximum  Face  Ordinate  at  0.7  Radius  for  TMB  2-Bladed  SC  Propeller  Series,  EAR  =  0.4 
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Figure  7c  —  Maximum  Face  Ordinate  at  0.7  Radius  for  TMB  2-Bladed  SC  Propeller  Series,  EAR  =  0.5 
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Figure  7d  —  Maximum  Face  Ordinate  at  0.7  Radius  for  TMB  3-Bladed  SC  Propeller  Series,  EAR  =  (14 
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Figure  7e  —  Maximum  Face  Ordinate  at  0.7  Radius  for  TMB  3-Bladed  SC  Propeller  Series,  EAR  =  0.5 
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Figure  7f  -  Maximum  Face  Ordinate  at  0.7  Radius  for  TMB  3-Bladed  SC  Propeller  Series,  EAR  =  0.6 
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Figure  7i  —  Maximum  Face  Ordinate  at  0.7  Radius  for  TMB  4-Bladed  SC  Propeller  Series,  EAR  =  0.7 


Figure  8a  -  Maximum  Face  Ordinate  at  0.9  Radius  for  TMB  2-Bladed  SC  Propeller  Series,  EAR  =  0.3 
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Figure  8b  -  Maximum  Face  Ordinate  at  0.9  Radius  for  TMB  2-Bladed  SC  Propeller  Series,  EAR  =  0.4 
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Figure  8c  —  Maximum  Face  Ordinate  at  0.9  Radius  for  TMB  2-Bladed  SC  Propeller  Series,  EAR  =  0.5 
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Figure  8d  —  Maximum  Face  Ordinate  at  0.9  Radius  for  TMB  3-BIaded  SC  Propeller  Series,  EAR  =  0.4 


Figure  8e  —  Maxirrium  Face  Ordinate  at  0.9  Radius  for  TMB  3-Bladed  SC  Propeller  Series,  EAR  =  0.5 
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Figure  8f  —  Maximum  Face  Ordinate  at  0.9  Radius  for  TMB  3-Bladed  SC  Propeller  Series,  EAR  =  0.6 
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Figure  8g  —  Maximum  Face  Ordinate  at  0.9  Radius 
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Figure  8h  -  Maximum  Face  Ordinate  at  0.9  Radius  for  TMB  4-Bladed  SC  Propeller  Series,  EAR  =  0.6 
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Figure  8i  —  Maximum  Face  Ordinate  at  0.9  Radius  for  TMB  4-Bladed  SC  Propeller  Series,  EAR  =  0.7 
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MAXIMUM  THICKNESS  ORDINATES  AT  0.2,  0.5,  0.7,  AND  0.9  RADIUS  FOR 

TMB  SC  PROPELLER  SERIES 
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Figure  9a  —  Maximum  Thickness  at  0.2  Radius  for  TMB  2-Bladed  SC  P’rooeller  Series,  EAR  =  0.3 
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Figure  9b  —  Maximum  Thickness  at  0.2  Radius  for  TMB  2-Biaded  SC  Propeller  Series,  EAR  =  0.4 
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Figure  9c  —  Maximum  Thickness  at  0.2  Radius  for  TMB  2-Bladed  SC  Propeller  Series,  E.4R  =  0.5 
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Figure  9d  -  Maximum  Thickness  at  0,2  Radius  for  TMB  3-Bls.ded  SC  Propeller  Series,  EAR  =  0.4 
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Figure  9f  —  Maximum  Thickness  at  0.2  Radius  for  TMB  3-Bladed  SC  Propeller  Series,  EAR  =  0.6 
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Figure  9g  -  Maximum  Thickness  at  0.2  Radius  for  TMB  4-Bladed  SC  Propeller  Series,  EAR  =  0.5 
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Figure  9h  —  Maximum  Thickness  at  0.2  Radius  for  TMB  4-Bladed  SC  Propeller  Series, 


Figure  9i  -  Maximum  Thickness  at  0.2  Radius  for  TMB  4-Bladed  SC  Propeller  Series,  EAR  =  0.7 
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Figure  10a  -  Maximum  Thickness  at  0,5  Radius  for  TMB  2-BIaded  SC  Propeller  Series,  EAR  =  0.3 
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Figure  10b  —  Maximum  Thickness  at  0.5  Radius  for  T.MB  2-Bladed  SC  Propeller  Series,  EAR  =  0.4 
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Figure  lOd  -  Maximum  Thickness  at  0.5  Radius  for  TMB  3-BIaded  SC  Propeller  Series,  EAR  =  0.4 
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Figure  lOf  —  Maximum  Thickness  at  0.5  Radius  for  TMB  3-Bladed  SC  Propeller  Series,  EAR  =  0.6 
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Figure  lOg  -  Maximum  Thickness  at  0.5  Radius  for  "^MB  4-BladGd  SC  Propeller  Series,  EAR  =  0.5 
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Figure  lOi  -  Maximum  Thickness  at  0.5  T?adius  for  TMB  4-Bladed  SC  Propeller  Series,  EAU  =  0.7 


Figure  11a  —  Maximum  Thickness  at  0.7  Radius  for  TiJB  2-Bladed  SC  Propeller  Series,  EAR  =  0.3 


Figure  11c  -  Maximum  Thickness  at  0.7  Radius  for  TMB  2-Bladed  SC  Propeller  Series,  EAR  =  0.5 
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d 


fO 

d 


■■■■Miiwniinun 


m 

o 

‘“'“(-I-) 


Figure  lie  -  Maximum  Thickness  at  0.7  Radius  for  TMB  3-EIaded  SC  Propeller  Series,  EAR 
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Figure  Ilf  -  Maximum  Thickness  at  0.7  Radius  for  TMB  3-Bladed  SC  Propeller  Series,  E4R  =  0.6 
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Figure  llg  -  Maximum  Thickness  at  0.7  Radius  for  TMB  4-Bladed  SC  Propeller  Series,  F  \R  =  0.5 
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Figure  llh  -  Maximum  Thickness  at  0.7  T?adius  for  TMB  4-Bladed  SC  Propeller  Series,  EAR  =  0.6 
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Figure  12a  —  Maximum  Thickness  at  0.9  Radius  for  TMB  2-Bladed  SC  Propeller  Series,  FAR 
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Figure  12b  —  Maximum  Thickness  at  0.9  Radius  for  TMB  2-Bladed  SC  Propeller  Series,  EA?l  =  0.4 
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Figure  12c  -  Maximum  Thickness  at  0.9  Radius  for  TMB  2-Bladed  SC  Propeller  Series,  EAR  =  0.5 
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Figure  12d  —  Maximur.’  Thickness  at  0.9  Radius  for  TMB  3-Bladed  SC  Propeller  Series,  EAR  =  0.4 
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Figure  12e  -  Maximum  Thickness  at  0.9  Radius  for  TMB  3-Bladed  SC  Propeller  Series,  EAR 
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Figure  12f  -  Maximum  Thickness  at  0.9  Radius  for  TMB  3-BIaded  SC  Propeller  Series,  EAR  =  0.6 


Figure  12g  -  Maximum  Thickness  at  0.9  Radius  for  TMB  4-BIaded  SC  Propeller  Series,  EAR  =  0.5 
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Figure  12h  —  Maximum  Thickness  at  0.9  Radius  for  TMB  4-BIaded  SC  Propeller  Series,  FAR  =  0.6 
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Figure  12i  —  Maximum  Thickness  at  0.9  Radius  for  TMB  4-BIaded  SC  Propeller  Series,  EAR  =  0.7 
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Speed  Coefficie.it  J 

Figure  13  —  Curve  of  Maximum  Efficiency  fcH-  a  Given  for  T.MB  2-Bladed  SC  Propellers 
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Speed  Coefficient  J 

Figur."*  14  —  Curve  of  Maximum  Efficiency  for  a  Given  for  TMB  3-Bladed  SC  Propellers 
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Maximum  Efficiency  for  a  Given  for  TMB  4-Bladed  SC  Propellers 


Moxinum  Efficiency  for  given 
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Speed  Coefficient  J 

Figure  17  —  Curve  of  Maximum  Efficiency  for  a  Given  C^/J^  fcjr  TMB  2-Blatied  SC  Propellers 
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Speed  Coefficient  J 

Figure  18  —  Curve  of  Maximum  Efficiency  for  a  Given  for  TMB  3-Bladed  SC  Propellers 
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Speed  Coefficient  J 

Figure  19  —  Curve  of  Maximum  Efficiency  for  a  Given  C^/J^  for  TMB  4-Bladed  SC  Propellers 
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Speed  Coefficient  J 

Figure  20  —  Curve  of  Maximum  Efficiency  for  a  Given  for  TMB  2-,  3-,  and  4-Bladed  SC  Propellers,  EAP  =  0.5 
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